recently suggested that these metal and sulphide analyses may be in error. In this paper the nomenclature of Eady et al. (1972) will be used for the two proteins as isolated from individual diazotrophs, so that they are referred to by using a capital letter for the genus and a lower case letter for the species, followed by the number 1 for the MoFe protein and 2 for the Fe protein; thus, for example, MoFe protein isolated from Klebsiella pneumoniae is Kpl and the Fe protein isolated from Azotobacter vinelandii is Av2.
The enzyme catalyses the reduction of N, t o 2 N H 3 (eqn. 1) with concomitant reduction of H+ t o H2 and hydrolysis of MgATP t o MgADP plus inorganic phosphate.
N , + 8 H + + 8 e -+ ~~A T P +~N H J + H~+~~A D P + 16pi
( 1 )
It is also capable of reducing many other small triply bonded molecules, such as C2H2 to C2H4. The direction of electron transfer is shown in Scheme 1 with the overall rate-limiting step being the dissociation of the two proteins after each electron has been transferred (Thorneley & Lowe, 1983 (Eady et al., 1978) . The reader is referred t o the recent review by Thorneley & Lowe (1984a) and t o Postgate's textbook (Postgate, 1982) for general descriptions of the properties of the enzyme, and t o the book edited by Veeger & Newton (1984) for an up-to-date account of recent progress.
In their resting state (as isolated in the presence of dithionite), the MoFe proteins exhibit a characteristic e.p.r. signal (Fig. l a ) with g-values close t o 4.3, 3.7 and 2.01 (Burns et al., 1970; Orme-Johnson et al., 1972; Smith et al., 1972; Zumft et al., 1972 : Evans et al., 1973 , which can only be observed at temperatures well below 3 0 K . This signal shows a linebroadening (of 0.5 niT) when the MoFe protein contains "Fe ( I = 1/2) and hence is associated with Fe Burris & Orme-Johnson, 1976) . Such spectra are typical of effective spin * 1/2 Kramer's doublets derived from S = 3/2 systems Smith et al., 1972; Munck et al., 1975 signal with temperature does not follow simple Boltzmann behaviour, the splitting between the * 1/2 and 3/2 doublets can be estimated as A/k x 1 5 K (where k is the Boltzmann constant), with the * 1/2 doublet lower in energy; the total spin extrapolates to an integration of -1 electron per Mo (Munck et al., 1975) . "Fe electron. nuclear double resonance (ENDOR) indicates that the centre giving rise to this signal contains six chemically distinct Fe sites (Hoffmann et al., 1982) . The g = 3.7 feature of this signal is unique among proteins and can often be observed in whole cells of diazotrophs ( Fig. l b ) . which can contain very high concentrations of nitrogenase (up t o 10% of the total cell soluble protein). An ironand molybdenum-containing cofactor (FeMo-cofactor) can be cleaved from the MoFe protein (Shah & Brill, 1977 : Smith, 1980 Eady & Smith, 1979) , although it is some. what broader and is observable only at lower temperatures (-7 K). The Fe proteins also give an e.p.r. signal in theiI dithionite-reduced state; this signal is similar to that given by reduced [4 Fe-4 S] clusters in ferredoxins, with a gav, close t o 1.94 (Fig. 2) , but the lineshapes are unusual and the signals normally integrate t o much less than one electron per molecule (Orme- Johnson et al., 1972; PalmeI ef al., 1972; Smith et al., 1973) . It has been assumed that suggest that it may not] and that the low integrations and unusual lineshapes are due t o some extrinsic factor, such as an interaction with a second paramagnetic centre within the molecule (Lowe, 1978) . It is, however, possible that the lineshape, at least, is a result of g-strain as discussed for [2 Fe-2 S ] clusters by Hagen & Albracht (1982) . This latter suggestion is also attractive because the analysis of Lowe (1978) indicates that the change in form of the signal when MgATP binds t o the Fe protein is related t o a rotation of the lineshape parameter; this is consistent with the mathematical form o f the g-strain effect.
When the proteins are mixed with dithionite in the absence of MgATP, the resultant e.p.r. spectrum is the sum of those of the two proteins. However, when MgATP is present the enzyme turns over and the e.p.r. spectra of both proteins are diminished in intensity, that of the MoFe protein falling to as little as 5% of the resting signal, and that of the Fe protein t o about 30%. Lowe & Thorneley  ( 1 9 8 k , b ) (1972) atoms of the MoFe protein and two have been shown to be of particular interest. Signal VI is given by K p nitrogenase that is turning over under C2H4. Hawkes et al. (1983) , by using nitrogenase froni mutants, prepared a species of Kpl with the Fe atoms of FeMoco, but not the other Fe atoms, labelled with "Fe. The C2H4-turnover signal was broadened when using this species, and so this signal derives froni FeMoco iron. Signal IX, which appears transiently on oxidation of Kpl with ferricyanide (Smith er al., 1983) , did not broaden, and therefore derives from the non-FeMoco iron in the socalled P centres. It has g-values typical of reduced S] '+) clusters, and its appearance on oxidation supports the earlier suggestion of Smith & Lang (1974) and Munck ct al. (1975) that the P centres contain iron that is all in the ferrous state. This signal is formed very rapidly (<I0 ms) and then decays at the same rate (rate constant k = 4.1 f 0.8s-' a t 23°C) as the g = 4 . 3 , 3.7, 2.01 signal (in the absence of excess ferricyanide). Smith er al. (1983) interpreted these observations in terms of a spin-state change, from the S = 1/2 state giving signal IX to the equilibrium S = .5/2 state that has no obscrvable e.p.r. Johnson er al.. 1981; Watt cr al., 1981) . this spin-state change being coupled to an intramolecular electron transfer from FeMoco to other P centres. A more stable e.p.r. signal with similar g-values has been reported for Avl (Orme-Johnson er al., 1981) .
The rate of this proposed intramolecular electron transfer within Kpl is very close t o that measured by Thorneley & Lowe (1983) for the rate-limiting dissociation of oxidized Kp2 from Kpl after the electron transfer from Kp2 to K p l (6.4 * 0.8 s -l at 23°C). One can speculate on the significance of this coincidence. Does it mean that the dissociation of the proteins during the catalytic cycle is coupled to a conformational change within the MoFe protein which also allows electrons t o be transferred between FeMoco and the P centres? Such an hypothesis is attractive since it would provide a mechanism for the delocalization of electrons away from the site of reducible substrate binding (probably FeMoco; Hawkes er al.. 1984) . when the proteins dissociate. This would have the advantage of diminishing the loss of reducing equivalents t o protons (evolving H2) which has been shown t o be (Lowe & Thorneley. 1984u.b; Tliorneley & Lowe. 1984b ,c) a major constraint on the overall mechanism of nitrogenase action.
